Abstract
Michihiro and Takahisa (2012) . Haff and Pearson developed a sorting system to separate pistachio kernels 27 from in-shell nuts using vibration analysis of a small steel plate after a shell or nut piece impacted it Haff 28 and Pearson (2007) . For this system, at the lowest throughput rate, classification accuracies were 96% for 29 in-shell nuts and 99% for kernels. For throughput rates between 10 and 40 nuts/s, correct classification 30 ranged from 84% to 90% for in-shell nuts. For kernels, the accuracy was 95% at 10 and 20 nuts/s and 89%
31
at 40 nuts/s. The authors based the classification on the cumulative histogram of the signal gradients and 32 did not use the other feature extraction methods, such as those used in acoustic signal processing.
33
Hazelnut kernels do not stick to the shell in dried hazelnuts. When a hazelnut is cracked the kernel 34 comes out as a separate entity. However large shell pieces may cause problems. They cannot be sieved 35 because some shell pieces may be as large as a kernel. In this article a vibration acoustics based system that 36 is capable of separating large shell pieces from kernels is described. 
Materials and Methods
Then, the gradient g[n] is calculated as follows:
Then, a histogram of this gradient signal is calculated. In Haff and Pearson (2007) , the authors observed 
where K is the number of feature parameters. The vector b[k] is used to train a SVM with two classes.
65
The first class consists of the vibration signals of the shell pieces, and the second class contains the hazelnut 66 signals. 
The DFT is weighted using a bank of filters, as shown in Figure 4 , where the filter bandwidth increases 73 with frequency. The Fourier-domain filter outputs are calculated as follows:
where L l and U l are the frequency band edge values of the l'th filter. In this article, several MFCC 75 vectors were computed using R = 15, 20, 30, and 100 band filter banks. The frequency boundaries for 15 76 and 20 band filters are given in Tables 1 and 2 , respectively. A l is the normalization factor: The filter output, E mel for each band is calculated as follows: Finally, the MFCC vector coefficients are calculated as follows;
where R is the number of weighted filters in the above equation. There are 15, 20, 30, 50 and 100 80 weighted filters in our tests. The purpose of using discrete cosine transform (DCT) in Equation 9 is to 81 decrease the correlation between the filter energy output coefficients. The MFCC coefficients decay as the 82 index parameter m increases. Therefore, it may not be necessary to compute all of the R coefficients. MFCC
83
(L,R) indicates that the first L out of R coefficients are used in the classification.
84
As indicated in Section 3, the best experimental results are obtained using the MFCC coefficients. analysis (Erzin et al., 1995) . In this study, LSFs are also used to extract features from the vibration signals.
85

89
Let A(z) = p k=1 a k z −k be the polynomial that is extracted from the vibration sensor signals by linear 90 predictive coding (LPC) (Rabiner and Schafer, 1979) . From this polynomial, two polynomials of degree 91 p + 1 are generated:
The LSF parameters w i are defined as roots of polynomials P (z)and Q(z). The LSF parameters are 93 located on the unit circle, and they approach each other whenever the signal spectrum has high values.
94
Therefore, the LSF parameters represent the shape of the spectrum. In Figure 5 , a vibration signal spectrum 
Frequency amplitude bins (FAB)
99
We also attempted to represent the vibration signals using Fourier domain information.
100
Fourier transform coefficients and subband energies were used to represent the impact vibration signals.
101
The frequency spectrum was divided into bands in a logarithmic manner, as was performed with the mel-102 cepstrum coefficients. Most of the energy of the sound and vibration signals is typically located at the 103 low-frequency bands. For this reason, the mel-cepstrum coefficients emphasize the low-frequency bands.
104
As such, the frequency amplitude bins matched the filters used in Section 2.2. The frequency spectrum 105 was divided into 15, 20, and 30 frequency bins with the respective boundaries indicated in Tables 1 and 2 . 
